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Introduction
Economic models of fertility emphasize the importance of wage and
income changes on demand,

If children are household commodities produced

with parental time and goods, then an increase in the w9 ge of the husband
or wife raises the time cost of producing children but also increases the
level of real income.

These two effects work in opposite

directions so

that the direction of the final wage effect is ambiguous without restric
tions,
A great deal of empirical work on fertility demand has attempted to
measure male and female wage elasticities.

Some studies (Gardner (1973)

and Snyder (1974)) have calculated a wage for working women only and used
the actual wage as a proxy for the wife's value of time.

The problem with

this approach is that non-working women are excluded from the sample or,
as in the Snyder paper, are excluded from the wage estimate.

The variable

then measures the effect of a wage change only for working women and excludes
an analysis of the effect of a change in the value of time of non-working
women.

In countries where most married women do not work outside the home,

a very significant percentage of the population is not analyzed.
To compensate for this loss, Gardner (1973), Ben-Porath (1973),
and others have included the wife's schooling as a ptbxy for the value
of time of working and non-working women.

The benefit of this approach

is that all women can be included in the analysis and education does
affect the value of time (He~kman, 1974).

One disadvantage of using only

education, _however, is that it does not measure only the value of

time but

can also proxy efficiency in pro_duction_ (DeTra)r, 1~73), wealth, or tastes
(Leibowitz, 1974).
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An alternative to the use of actual wages or schooling is to impute
a wage.

In general, predicted wages have been derived from earnings

functions (Mincer, 1976) for the working individuals.

The predicted

wage is used as an instrumental variable for the actual wage.

McCabe

and Rosenzweig (1976) estimated predicted wages for husbands and wives
in Puerto Rico and fotmd positive effects of changes in both on fertility.
Anderson (1978) also estimated predicted wages for husbands and wives in
Guatemala but found a small, positive male wage effect and a large,
negative female wage effect on fertility.
The instrumental variable-approach frees the wage estimate of the
influence of transitory variation, reduces simultaneous equations bias,
corrects the errors in variables problem, and is estimated for all indi
viduals in the sample (Schultz, 1975).

The use of imputed wages is

usually preferable to the use of actual wages, but it can produce biased
estiC1a.tes of wage effects if the sample of working individuals is not
a randomly drawn sub-sample of all individuals.

This is usually a more

'

acute problem in estimating the value of time of Married women than of
married men because the bias approaches zero as all
the labor market.

individuals enter

In some countries, however, a large percentage of

the married men are self-employed farmers, and existing data sets do not
contain information on hours worked and other inputs to enable one to derive an
estimate of their wage from reported income.

Sample selection can also be a problem

in a population of men, many of whom are self employed, if predicted wages
are derived from earnings functions of men working in the paid labor
force and hence reporting a wage.
To test and correct for the presence of selectivity bias, particularly
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in the estimates of the wage of married women, Gronau (1973) and Heclanan
(1974) derived two different models.

In Gronau's analysis of the house

wife's value of time, the labor force participation decision indicates
the relationship between her wage offer and her value of time in the
home.

If her wage offer exceeds her value of time, then she enters the

labor force.

If her value of time exceeds her wage offers, she does not

enter the labor force.

The rate of labor force-participation, therefore,

depends on the joint distribution of the wage offer and the price of
time within a given age-education-income class.

The joint distribu-

tion is assumed to be bivaria:te nonnal, and the wage offer -and the value
of time are independently distributed, although this latter assumption
is not crucial, given the restrictions necessary to identify the model
(Cogant 197~).

The determination of the value of time within a given age

education-income class then depends on knowledge of the means and stand
ard deviations of the marginal distributions for the wage offer and the
value of time as well as the labor force participation rat·e and the
average wage offer for each class.
To identify the model, Gronau postulates two extreme cases.

For

both cases, the mean wage offer is solely a function of age and education,
and the mean value of time is solely a function of the husband's income.
In the first case, the variance in wage offers within each age-education
cell

is zero; the average wage for working women is, therefore, equal

to the mean of the wage offer distribution.

Differences in labor force

participation within the same class are due entirely to differences
in the value of time.

The average wage of working women in each cell

_f
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is regressed on income and Z, a standard normal variate
represent ing the number of standard deviation s between the mean wage
offer and the mean value of time given the value of time distribut ion.
The value of time for each group is determine d from these regressio n
results.
In the second case, the varianoe in the value of time witl1in ea~h
class is zero so that the average value of time of non-worki ng women is
equal to the mean of the value of time in distribut ion.

Differenc es in

labor force participa tion result entirely from differenc es in the wage
offer.

The average wage per cell

is regressed on income and Z*, a

standard normal variate describin g the number of standard deviation s
bet-ween the value of time and the wage offer given the wage offer distri
bution.

These results are used to estimate the value of time in each

cell.
Several conceptua l problems are apparent in Gronau's approach.
First, the procedure relies heavily on the assumptio n of bivariate
normality .

Second, to identify the model, very rigid restrictio ns have

to be placed on the structure of the error distribut ions.

It is un

likely that the variance of either the value of time distribut ion or
the wage offer distribut ion is zero. Third, ~ssuming that the value of
time is solely a function of husband's income and not the women's age
and education as well is difficult to accept.

In fact, the identific ation

restrictio ns necessary in any of the selection models developed make
the results less believabl e.

Fourth, as Cogan (1975) notes, Zand Z*
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are used as regressors in the empirical section, but are directly derived
from the theoretical model and are, therefore, endoge~ous.

Finally,

the Gronau model requires that the data be grouped into a large number
of cells.

A large sample size is necessary for estimating the model.
that the average reported

Heckman's (1974) model does not require

wage for working women be equal to the mean of the wage offer distribu
tion or that the average value of time for non-wor!dng women be equal
to the mean of the value of time distribution.

In addition, his model

allo~ed the disturbances of the wage offer and value of tQme distribu
tions to be correlated.
women

is greater than or equal to their value of time while the wage

for non-w~rking women is
participation
the

As in the Gronau approach, the wage of working

less than their value of time.

Labor force

is a function of the difference in the wage offer and

reservation wage.

Heckman assumed that labor supply, or hours of

work, and labor force participation were determined within a Tobit model.
The likelihood function under the Tobit specification is the product
of the probability of not working for wives outside the labor force
and the probability of working for wives in the labor force times the
density of hours worked.

By assuming that both the hours of work and

the probability of working for wives in the labor force are derived from
the same model, the likelihood function is simply the product of the pro
bability of not working for non-working wives and the standard normal
density of hours worked for working wives.

To correct for sample selec

tion bias within this framework, Heckman specifies the joint distribu
tion of the wife's wage offer and her labor supply; the errors in the
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wage and labor supply equations follow a bivariate normal density function.

From this model, consistent estimarosof the wife's wage offer and her
labor supply are derived.

The value of time is easily calculated from

the resulting equations.
Although Gronau's restrictive asslllDptions are unnecessary in Heck
man's model, the Heckman approach is a simplification of a more general
model.

The model depends on two assumptions.

First, the errors are

distributed with a bivariate normal distribution.
crucial to the analysis.

This assumption is

If the residuals are not normally distributed,

but this model is utilized to test for selectivity bias, the test for
selection may be positive when, in fact, selection is not present.
Second, the Tobit model depends on assuming that labor force participation and hours of work are derived from the same function which in the latter
case is truncated at zero hours. In many instances, this assumption cannot be supportE
Olsen (1977) extends Gronau's model to the analysis of individual
data.

He does not assume that the hours of work and labor force partici

pation decisions are derived from the same function.

A more general

Prohit model is used to estimate the labor force participation decision,
and the residuals of the labor force participation decision and the
wage offer are jointly distributed with a nonnal distribution. In addi
tion, Olsen's Probit model can be generalized to include the case in
which the errors of the wage offer distribution, given labor force
participation, are not normally distributed.

Olsen (1979) applied this

model to a sample of teenagers and found that the results were quite
sensitive to the assumed form of the distribution of residuals.

No attempt has been made to correct for selectiv ity bias in wage
estimati ng equation s with a Gronau, Heclanan, or Olsen model and to use
these equation s to estimate wage effects in fertilit y analysis .

In

this paper, I examine the sensitiv ity of the wage elastici ty in fertili
ty regressi ons to the choice of the wage inputing procedu re.

Four pro

cedures are used to estimate the value of time in fertilit y regressi ons:
(1) educatio n; (2) imputati on from an earnings function ; (3) imputat ion
from a Probit model correcti ng for selectiv ity bias; and (4) imputat ion
from a Probit model correcti ng for non-nor mality of the residua ls and
selectiv ity bias.

The four estimate s are compared to determin e the

sensitiv ity of the wage elastici ty to the value of time estimati on procedu re chosen.
En:ipiric al procedu re
The data source is the 1974-75 Longitu dinal Guatema la survey of five
villages conducte d by the Rand Corpora tion and the Institut e for Nutritio n in Centra
America and Panama (INC.Ar).

The househo ld is the unit of observa tion.

Only those

househo lds containi ng a male head, a female head, and at least. one child
are included .

Legal marriage is not a requirem ent for inclusio n in the

sample.
The depende nt variable is the number of live births.

Househo lds

with incompl eted fertilit y are included by adjustin g the number of live
births for the mother's current age accordin g to a biologic al supply
1
function fitted from the sample data.
Exogeno us variable s are wealth, educatio n of the parents, village
location , and wages.

Wealth is the index of owned land, produce r durable s,

housj_ng, and livestoc k valued at current prices and is undoubt edly measure d
with much error.
Educatio n is the number of years of schoolin g of the male and female
The location variable s are dummy variable s for the four more rural

head,

villages .
1

TOWNl is the farthest from Guatema la City - approxim ately

For more detailed informa tion on this procedu re, see Anderso n (1979).
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80 kilometers; TOWN2, TOWN3, and TOWN4 are approximately 30 to 40 kilo
meters from the city.

The omitted village is the most urban of the

villages and is located just outside of Guatemala City.

Variables used

in the analysis are defined in Table 1 with summary statistics.
Sixty percent of all male household heads and seven percent of
all female household heads in the survey are engaged in wage employment.

The majority of males not working for wages are self-employed farmers.
The females not working for wages primarily work in the home.

To limit

the analysis to families with both heads reporting wages reduces the
sample size dramatically and produces inconsistent estimates (Olsen,
1977).

Estimates of the value of time are necessary.

The first procedure for estimating the value of time is to estimate an earnings function from a sample of wage-earners and to impute
a wage to all in~ividuals based on the estimated coefficients. The
natural log of daily wages for male and female heads is regressed on postscbooling
_experience, experience squared, schooling, and village location.

2

The wage is pre-

dicted to increase at a decreasing rate with experience, to increase
with schooling, and to be lower the farther the village is from Guatemala
City.

Table 2 presents these estimated earnings functions.
In the male regression, the log of wages does increase at a de

creasing rate 'With experience and increases with schooling.

In addition,

residence in a rural village reduces the log of wages, and the town far
thest from Guatemala City (TOWNl) has the smallest expected wage.

All

coefficients, with the exception of experience, are statistically signi
ficant at the five percent level.

A wage is imputed to all males using

2
Experience is measured as current age-schooling-7.
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Table 1.

Summary statisti cs for variable s used in
the regressi ons

Stan-

Variable s

Definiti on

Mean

LCEB
EPH
EPW

Log of children ever born
Schoolin g of the husband
Schoolin g of the wife

1.279
2.562
1.865

WEALTH
divided
by 1000
REG WAGE
PROB IT i,'AGE

OLSEN WAGE
Tm.ml
TOWN2
TOWN3
TOWN4
EXPH

LFPH
TOTWEEKH

AGEW

Value of land, durable s,
1.101
livestoc k
Imputed log of the husband's wage derived from
.692
earnings function
Imputed log of the husband's wage derived from
.317
?robit model
Imputed log of the husband's wage derived from
.692
non-nor mality model
.127
-rural
Domingo
Santo
.148
Cornaco ste-rura l
.147
ural
Santo-r
Espiritu
.093
ral
San Juan-ru
oolingExperien ce (age-sch
31.907
7)
ation
Husband 's particip
.520
in the paid labor force
worked
year
TotG.l weeks per
in the paid labor force by
19 .97 5
the husband
.972
36
Wife's current age

dard
Deviation
•719
2.780
2.413
1.863
.406
.407
.440

13.750

24.004
13. 773
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Table 2.

Estimation of the earnings functions for
husbands and wives.a

Independent Variables

Dependent Variables
Husband's
Waie

Wife's
Wage

.607
(.158).

-.830
(.411)
.040
( .025)
-.500
(.360)
.158
(.033)
.032
(. 262)
.270
(.338)
.007
(. 391)
.668
(.493)
3. 77
.248
87

Intercept
Experience (age-schooling-7)
Experience squared .divided by 1000
Schooling
TOWNl
TOWN2

.011

(.009)
-.240
(.130)
.091
( .0010)
-.788
(.079)
-.274
(.077)

TOWN3
TOWH4

-.263
( .081)
-.338
( .108)

F2
R

Sample size
a

Standard errors are in parentheses.

45.29
.366
566
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these estimated coefficients (REG_WAGE).
In the female head regression, the log of wages increases at a
decreasing rate with experience and increases with additional schooling.
Wages are higher in the rural villages.
significantly different from zero.

However, only schooling is

An F-test comparing regressions

with and without the town dummy variables indicates no significant contri

bution of village location to the results.

Because of the insignificant

results and the small sample size, no further attempt is made to estimate
the value of time for women.

Schooling will proxy for

the value of time of all women in the sample.
The imputed male wage is a biased estimate of the value of time of
non-wage-earner s if the males excluded from the regressions do not con
stitute a random subsample of the entire sample of males.

Systematic

differences can exist between wage-earners and non-wage-earne rs with the
same experience and training.

In this sample, most of the non-wage

earners are self-employed farmers.

To test and correct for sample

selection bias among males, the Heckman (1974) Tobit model or the Olsen
(1977) It-obit model can be used.

Labor force participation and labor

supply are examined to determine which model is preferred for these data.
Labor force participation is defined as working for wages.

A male

works for wages if his wage is greater than his value of time in self
employment; labor force participation is a linear function of all variables
affecting the wage and the value of time in self-employmen t.

Labor supply

is defined as the number of weeks per year worked for wages and is a
function of the variables determining the wage and the value of time

12

in self-employment.

Regressions of labor force participation and labor

supply are presented in Table 3.
The Heckman '1:obit model that functionally restricts the participc:

tion and labor supply equation, is preferable if the residuals of the
decision to work for wages and the number of weeks worked are deri.ved
from the sm"e normal distribution.

Whenever the assumption is not valid

and different models are assumed to determine labor supply and the pro
bability of working, the Prob it model for participation and the re
gression model for labor supply is preferable.

Examining Table 3,

several differences are apparent between the estimates of the two
models.

First, experience has a negative effect on participation and

a positive effect on labor supply although neither effect is signifi

cant.

Second, schooling has an insignificant negative effect on partici~

pation and a significant positive effect on labor supply.
Third, TOWN4 has the largest negative effect on participation followed
by TOWN3, TOWN2, and TOWNl.

TOWN4 also has the largest negative effect

on labor supply but is followed by T01'.'N2, TOWNl, and TOWN3.
These differences are in no way definitive.

A second test to deter

mine whether to use a Tobit or Probit model is to analyze the ratio of
the mean to the standard deviation of the labor supply variable.

A

large value of the ratio (greater than 3) indicates that truncation is
not a problem and that the Heckman Tobit model can be used.

A small

value (1.25

The theoreti-

or less) supports the use of the Probit model.

cal basis for this procedure is the Pearson-Lee (1908) analysis modified

13

Table 3.

Estimation of the husband's participation
in the paid labor force and the number of
weeks the husband works for wages

Independent Variables

Dependent Variables
Weeks
ParticiWorked
pation

Intercept
Experd..ence
Experience squared divided by 1000
Schooling
Wealth divided by 1000
TOWNl
TOWN2
TOWl\3
TOWN4
F2
R

Sample size

.933
(.099)
-.003
(.005)
-.078
( .07 3)
-.003
( .007)
-.032
( .008)
-.098
( .051)
-.184
(.047)
-.203
(.049)
-.380
( .055)
19.85
.146
941

44.000
(3.993)
.232
(. 233)
-.004
( .003)
• 728
(.264)
-.096
( .0360)
- 23.755
(2.152)
- 26.167
(2.106)
-20 .080
(2 .201)
-31. 729
(2.977)
53.33
.438
557
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for the analysis of selection (Olsen, 1979).

The ratio for the sample

of wage-earning men is .83.
The observed differences in the effects of the independent variables
on participation and ~eeks worked for w~ges as well as the small size of
the ratio of the mean of labor supply to the standard deviation suggest that
different models are explaining the decision to work for wages and the
nur,1ber of weeks worked.

The Heckman model may not be appropriate with

these data. The husband's offered wage and reservation wage are estimated
with the Pro'bit model.

,3

The results of the procedure are presented

The experience variable is e~cluded from the reservation

in Table 4.

wage equation to identify the model.
The results are generally as expected.

All vari~bles are signifi

cant and the signs are in the expected directions.
increases at a decreasing rate with experience.

The offered wage

Schooling raises the

offered ~:age and the reservation wage; the effect is stronger on the
offered wage.
for wages.

The implication is that more highly educated men work

Living in a rural village lowers the offered wage and the

reservation wage.

The reduc ticn

in the offered wage is grec1ter than

the reduction in the reservation wage indicating that men are less likely
to work for wages in rural villages. Finally, weal th 4Jiainly land) does increase the
yalue of time in self-employment as indicated py the positive coefficient
on wealth in the reservation wage equation.
function assuming selection is 1290.794,

The log of the likelihood

and the log of the likelihood

ftmction assuming no selection is 1316.275.

The likelihood ratio test

is significant at the one percent level indicating the presence of
selectivity bias in the wage regression in Table 2. A second wage variable
\ee Olsen (1977) for details on the derivation of the likelihood
function for this model.
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is derived for males from Table 4.

The offered wage coeffici ents are

used to impute wages to men currentl y working for wages, and the reserva tion wage coeffici ents are used to impute wages to self-emp loyed men (PROBIT:_WAGE).
In these selectio n models, the assumpt ion of normali ty of the
residual s is crucial, for the results are very sensitiv e to the presenc e
or absence of normalit y (Olsen, 1979).

If the normali ty assumpt ion is

incorre ct, the likeliho od test can still be signific ant, but the signifi 
cance may not be due to selectiv ity bias, but to non-nor mality.

To

determin e whether the normalit y assumpt ion is violated in the data,
the sample of males is sorted by the. predicte d probabi lities of particip a
tion estimate d from the linear probabi lity function in Table 3.

A

subsamp le of the 200 males (approxi mately one-qua rter of the sample)
s.
with the highest predicte d probabi lities of particip ation is selected for analysi
The average probabi lity of particip ation is .8.

These men are more

likely to be working for wages than the sample as a whole and selectio n
is less likely to confound the test of normali ty.

A distribu tion fit

to the residual s of the wage offers of these 200 men approxim ates the
4
distribu tion of the entire sample in the absence of selectiv ity bias.

4

various convolu tions of a standard nonnal and a truncate d nonnal
distribu tion are fit to the subsamp le data. The convolu tion resultin g
in the lowest log-like lihood is the best fit. This occurs where a den
sity is fonned by the convolu tion of a standard nonnal density with
point of truncati on at 14 stand3rd deviatio ns and a nonnal density with
a standard deviatio n of .002. The log of the likeliho od function assum
ing normali ty is 168.79, and the log of the likeliho od function assum
non-nor mality is 151.12. The likeliho od ratio test is signific ant at
the .005 level indicati ng that the residua ls of the wage offer equation
are not normally distribu ted.
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Table 4.

Estimation of the offered wage and the reser
vation wage for hgsbands correcting for se
lectivity bias.a, '

Independent Variables

Constant
Experience
Experience squared divided by 1000
Schooling
TOWNl
TOWN2
TOWN3
TOWN4
Wealth divided by 1000

Dependent Variables
Offered ReservaWage
tion
Wage
.205
( .027)
.021
(.005)
-.460
( .083)
.094
( .010)
-.858
(.852)
-.480
( .081)
-.451
( .084)
-.600
(.107)

.319
( .033)
-.041
(.150)
.074
(.014)
-.674
( .117)
-.334
(.107)
-.263
( .114)
-.300
( .151)
.038
( .Oll)

a

b

Asymptotic standard errors are in the parentheses.

The computing procedure required a just identified
model. Experience excluding its square was used to
identify the model. However, the coefficient on
experience squared in the reservation wage ~quation
is not significantly different from zero. It has
essentially been omitted as well.
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ity (Olse n,
The Probi t proce dure is rerun adjus ting for non-n ormal
1979) .

a Chi-s quare d
The test of no selec tion given the distri butio n produ ces

not the 5 perce nt. The hy
of 3.14 which is Bigni fican t at t~e 10 perce nt level but
once the distr i~
pothe sis of selec tivity bias is only margi nally suppo rted
butio n of the error s is chang ed.

The coeff icien ts deriv ed from the probi t

ing a value of time
selec tion model are, there fore, not satisf actor y for imput
to males .

of
The least squar es coeff icien ts are consi stent estim ates

n wage coeff icien ts
the value of time for wage earne rs, and the reser vatio
of labor force
for non-w age earne rs are deriv ed from the Probi t model
parti cipat ion.

These coeff icien ts are prese nted in Table 5; the third

ts (OLSENJ;'AGE).
imput ed wage varia ble is deriv ed from these coeff icien
is usual ly
In summary, estim ation of the husba nd's value of time
s value of
straig ht-fo rward in compa rison to estim ation of the wife'
emplo yed for wages
time. Legal ly or conse nsual ly marri ed men are usual ly
their wpge.
and error s in varia bles is the major proble m in estim ating

The

Inacc urate

hours .
wage rate is calcu lated as total earnin gs divid ed by total

tion in earnin gs
repor ting of hours or earnin gs as well as trans itory varia
resul ts in an incon sisten t estim ate
are used.

of the wage effec t if actua l wages

in home
Marri ed women, on the other hand, are prima rily engag ed

value of time of marri ed
produ ction rathe r than marke t work. In estim ating the
becau se worki ng
women, the issue of sampl e selec tion bias is impor tant
In

ed women.
women are not likely to be a random sampl e of all marri
n:l's value
the Guate mala data, howev er, the estim ation of the husba
the wife' s
of time has some of the same proble ms as estim ation of
value of time.

A large perce ntage of all husba nds repor t no wage in-

marke t activ ity
come, but it is appar ent that they are engag ed in labor
busin esses .
by worki ng on their own farms or in their own small

The

mly selec ted
sampl e of non-w age earnin g husba nds may not be a rando
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Table 5.

Wage offer and reservation wage equations
for husbands corrected for non-normality
of the residuals.

Independent Variables

Dependent Variables
Offered ReservaWage
tion
Wage

.772
Constant
Experience
.002
Experience squared divided by 1000 -.113
Schooling
.080
TOvINl
TOWN2
IOWN3

TO"\-r.{4

Wealth divided by 1000

-.737
-.308

-.246
-.331

.784
-.083
.079
-.722
-.293
-.264
-.306
.004
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for sele ctio n is an imp orta nt
sam ple -::f all husb ,mds so that test ing
issu e.
ort the hyp othe sis that
The resu lts of the esti mat ion do not supp
the mal es in this sam ple; how
sam ple sele ctio n bias is pres ent among
ever , the sam ple is stil l cens ored .

A pref erab le proc edur e to imp ut

is to deri ve a wage offe r
ing a male wage from an earn ings func tion
ion wage equ atio n for the
equa tion for wag e-ea rner s and a rese rvat
self -em ploy ed.

The valu e of the self -em -

ly to wea lth, esse ntia lly a
ploy ed husb and' s time resp onds pos tive
ease in the amount of land or
mea sure of the valu e of land . An incr
duc tivi ty of the farm er's labo r
its qua lity incr ease s the mar gina l pro
- effe ct in the wage
me
inco
the
If
.
time
his
of
e
valu
and rais es the
inat es the sub stitu tion effe ct,
elas tici ty of demand for chil dren dom
dem.~rid for chil dren . If the
then this incr ease in wea lth rais es the
sub stit utio n effe ct, imp lyin g
income effe ct is sma ll rela tive to the
the prod ucti on of chil dren ,
that his time is an imp orta nt inpu t into
demand for ch:l. ldre n. In
then this incr ease in wea lth lowe rs the
ld be larg er if the self ~em 
eith er case , the demand elas tici ty shou
ion wag e equ atio n than if it
ploy ed wage is esti mat ed from a rese rvat
deri ved from a sam ple of wage
is estim ated from an earn ings func tion
earn ers.
Emp irica l Res ults
of fer tili ty demand are
The resu lts of the non -lin ear esti mat ion
dren ever born to women aged
pres ente d in Tab le 6. The log of chil

20

14 to 50 is regressed on maternal and paternal education , wealth, the
husband's wage, village location, and mother's age.
in the

The wage variable used

column 1 regressio n ( REG_WAGf, is imputed from the earnings

function in Table 1.

The wage variable used in the column 2 regressio n

(PRo::;rr_.WAGE) is imputed from the wage offer and reservati on wage equa

tions in Table 4.

These estimates assume normality of residuals and

correct for selectivi ty bias.

The wage estimate in column 3 (OLSEN_

WAGE) is derived from the wage offer and reservati on wage equations
in Table 5.

This wage estimate corrects for censoring after

determini ng that selectivi ty bias is not a serious problem with these
data.

In the column 4 regressio n (NOWAGE) no wage variable is included.

The husband's schooling proxies for his value of time-in this case as does
the wife I s schooling lier value of time.
Wealth elasticit ies are positive but insignifi cantly different from
zero in all four regressio ns.

Almost no variation in the magnitude of

the elasticit ies is discernab le across equations .

The wife's schooling

elasticit ies also remain unchanged across equations , and the coefficie nts
are sir;nifica nt.
1.87

to 3.73

If the wife's schooling doubles from the sample mean of

years, fertility falls by

5.6 percent.

The magnitude and sign of the coefficie nts on husband's schooling
and the town variables depend on the specifica tion of the wage.

The

husband's schooling is an insignifi cant negative determina nt of fertility
if no wage variable is included in the regressio n; the elasticit y is -.021.
In this regressio n, schooling is capturing the effect of a change in his
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dren ever
Tabl e 6. Esti mati on of the loga rithm of chil
born a' b 'c
Inde pend ent
Vari able

REG
WAGE
(1)

Inte rcep t

2.75 1
(. 263)

.012
( .038 )
[ .032 )
1
-.03
EPW
(.00 9)
~- .057 ]
.005
ded
divi
lth
Wea
1)
(.01
HlOO
by
.005
[-.23 2)
REG WAGE
(.39 9)
-.23 2
WAGE
PROBIT
EPH

PROBIT
WAGE
(2)

OLSEN
WAGE

2.66 8
(.l<l 2)
.007
( .019 )
[ .018 )
-.03 0
( .009 )
[-.05 6]
.007
( .011 )
.007

3.13 9

-.18 5
( .195 )
[-.18 5)

OLSEN WAGE
TO\-tNl
TOWN2
TOWN3
TOWN4
AGEW
Sample size

(3)

(.2~ 0)
.074
(.03 9)
[ .189 )
-.03 0
(.00 9)
[-.05 ~
.007
(.01 1)
.007

NO
WAGE
(4)
2.61 0
(.l<l 3)
-.00 8
(.00 8)
[ -.02 1]
-.02 9
( .009 )
[ - .055 ]
.• 004
( .010 )
.004

-.98 3
(.45 5)

-.28 1
(.32 4)
-.04 0
( .121 )
-.10 0
(.12 0)
-.07 5
(.15 0)
.046
( .010 )
638

-.24 9
( .17 2)
-.06 0
( .103 )
-.11 3
(.09 8)
-.08 1
(.11 0)
.045
(.00 9)
638

[--98 3]
-.82 4
(.34 2)
-.27 2
(.14 7)
-.29 1
( .132 )
-.30 8
( .158 )
.051

(.oio>

638

-.08 2
(.06 0)
.037
(.05 7)
-.02 5
(.06 2)
.018
( .065 )
.044
(-00 9)
657

ses.
Asym ptoti c stan dard erro rs are in pare nthe
b
Elas ticit ies ~val uate d at the samp le means are in
brac kets •
essi on;
. cREG WAGE is deri ved from a wage offe r regr
Prob it mod el;
the
g
usin
n
ctio
sele
PROBIT WAGE corr ects for
nonn al resi dua ls.
OLSEN WAGE corr ects for cens orin g give n nona
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value of ti=ne'plus an efficiency or taste effect; these effects are at
cross-purposes with each other and appear to cancel each other out.

In

the regressions containing a wage estimate, husband's schooling is a
positive determinant of fertility.
ty varies across equations, however.

The size of the schooling elasticiIf wages are estimated from a

labor demand function (REG_WAGE), the elasticity is .03.

The size of

the elasticity is smaller if the wage is estimated from a Prob it model
correcting for selectivity bias (PROBIT__WAGE).

Adjusting only for censor

ing in the wage given that the residuals of the participation model are
non-normal (OLSEN_WAGE)

increases the schooling elasticity to .19..

This

elasticity is more than six times the size of the other elasticities.

If no wage estimate is included, only TOWN! and TOWN3 reduce fer
tility; fertility increases in TOWN2 and TOWN4.

An F-test comparing this

regression to a regression excluding the town variables indicates that
these variables do not contribute significantly (at the 5 percent level)
to the explanatory power of the regression.

In the three regressions

including a wage, fertility is lower in all the urban villages.

The co

efficients on the village variables are largest in the OLSE~_WAGE regression.
Only slight differences in the size of the coefficients are apparent
between the REG_\•;AGE and PROBIT_'(,'AGE regressions.
The choice of wage variable does not affect the sign of the wage
elasticities in any of the regressions.
causes fertility to fall.

An increase in the male wage

However, the magnitude of these elasticities

crucially depends on the form of the imputing equ;ttion.

In the REG~WAGE

regression with the wage imputed from an earnings function, doubling
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the husband's wage reduces fertility by 23 percent.

If the wage is corrected

for selectivity bias as in the PROBIT_wAGE regression, doubling the wage
reduces fertility by 19 percent.

Correcting the wage only for censoring

(OLSEN_WAGE), however, after discovering that non-normality, and not
selection, is a problem, a doubling of wages reduces fertility by 98 percent.
The correct elasticity is more than four times the size of the earnings func
tion elasticity and five times the size of the selection elasticity.

The

form of the wage ·function appears to be important in determining the extent
of fertility responsiveness to a change in the male wage or his value of time.
Conclusions
The wage or value of time is widely believed to be an important determinant
of the demand for children.

Many procedures have been utilized in the literature

to measure an individual's value of time.
waee.

Education is one common proxy of the

It is conceptually appealing, however, to be able to identify the effect

of education apart from its role of enhancing the market value of time.

But

this requires further restrictive assumptions about what determines wages and
necessitates systematic treatment of the potential problem of selectivity of
wage recipients.

If a wage is derived from an earnings function, the estimate

can be biased if the sample of wage-earners is not randomly drawn.

To test

and correct for possible sample selection bias, Heckman and Gronau have
developed maximum likelihood models.

Thetest for selection using these models

can be positive if the residuals of the joint participation and wage offer
distribution are not normally distributed.

In this case, selectivity bias

may not be present if the model is adjusted for the correct distribution of
residuals.

The reservation wage and wage offer estimates are then easily

derived from a regression of the wage offer and a Probit model of participation
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In this paper, using data from rural Guatemala, I estimate three
wage equations for husbands.

The first wage estimate is derived from an

earnings function for males in the wage-earning labor force.

The second

derives wage offer and reservation wage equations from a Gronau Probit model
and corrects

The likelihood ratio test for the

for selectivity bias.

presence of selection is positive.

To estimate the third wage equation, I

test the residuals of the wage offer equation for normality and am able
to infer that the residuals are not normally distributed.

Adjusting for

The test for the presence

non-normality, 'the Gronau model is reestimated.

The wage offer is, therefore,

of selection indicates no selectivity bias.

derived from a linear regression and the reservation wage from a Probit
model of participation.
The fertility results indicate significant differences in the mag
nitudes of husband's wage elasticities with different wage imputing equations.
Although the signs on the elasticities are consistently negative, the size
of the elasticity is .23 using an earnings function, .19 using the Gronau
model, and .98 correcting only for censoring.

These differences are substantial.

Differences are apparent in the signs and magnitudes of other
variables if the wage variable is changed.

If no wage.is estimated, male

and female schooling are negative determinants of fertility.

Male schooling

elasticities are positive if an estimate of the husban~swage is included; female
schooling elasticities are negative and consistently equal to .05.

The

male schooling elasticity is much larger if the wage offer and reservation
wage are not corrected for selection.

The town variables also display

some variation depending upon the wage variable.
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It is apparent from these results that not including an estimated
wage in the regressio n of fertility can lead to a miscalcu lation of
the substitut ion effect. In addition, if a wage is estimated , the form
of the wage equations can affect the magnitude of the wage elasticit ies~
Further testing with other data sets of these alternati ves methods for
wage imputing should prove useful.
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